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TECHNICAL NOTE NO. 62.

THE PROBLEM OF FUEL FOR AVIATION ENGINES.*

I .
The speaker beganby m&tioning the p~sioal proper~ies

,; .
which may be demanded of fuels for aviation use and the means

that may be adopted by the engine m~ufaoturers to properly

meet the demands necessitated by the use of such fuel.

In the choice of a fuel the following factors must be con-

sidered: (1) its composition; (2) the quantity available;

(3) the price per heat

stocks in aerial ports

portant to know if the

unit; ~d [4) the possibility of keepjng

both at home and abroad. It is e3.sO im- L

ohange from One fuel to another will he-

ce-ssitate any seYiotismodifica,ticm of the engineJ With the

present Univefsal scarcity of gasoline, the day will certainly

come when heavier”fuel will have to be considered.

The storing of fuel in the airplane and supplying it to,the

engtie are other points to be considered. Gaseous fuel, which

would have to be taken cm boardiin large gas bags or in air-

tight cylinderd, cannot be considered as the primary fuel cm ac-

count of the spaoe ocoupied by and the weight of such contain-

ers. At best it might be oaxried in liquid form in heat-proof

cantainers. .Solid.

the form of powder

though liqwfiable

fuels which might be pulverized or sxe in

(exPlosive materi~) cannot be cmsidered, al-
●

or soluble fuels such as napthaline or par-

* Lecture given by Professor Kutzba*, of Dresden, Scientific
Collaborator of the Adlershof Aeronautical Laboratory.
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affin might be used. Li~id fuels of high calorific value per

unit of weight are best adapted to the purpose. Such fuels are

the saturated and unsaturated hydrocarbons which no% only have a

high calorific value per unit weight but

plied.the engine in a

that airplane engines

ground in the intense

in the severe cold..of

very fluid state.

must be capable of

heat of summer and

which may be easily sup-

Considering the fact

operation near the

also at high altitudes “

winter, the qmstion of fuel supply is not n

of the simplest because many fuels lose their fluidity at ex-

tremely low temperatures. Special measures must therefore be

taken so that at least the portion immediately required-for the

engine may be kept in a very fluid state either by heating with

hot water, hot oil or electrical energy.

tie of the most iuportant points to be taken into consid-

eration is that of ensuring the safety of the fuel from igniticm

in case of leaks in or injury to the t&ks and connecting pipes

such as ruayocour in forced landings. This brings out a proper-

ty demanded of the fuel by the manufacturers of airplane engines,

nsmely the possibility of quickly and easily supplying to the

engine a good combustible mixture withwt the necessity for pre-

paring such a mixture at a temperature or pressure other than

that of the free air at the altitude at which the engine is op-

erating. An ideal fuel would be of such a nature that it does

not evaporate instantaneously in free air or at least does not

form a mixture that ignites easily, but h ich csn be mixed snd

gasified satisfactorily in the carburetor and will form a suffic-
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iently inflammable mixture in the engine ~linde r.

These conditions have not yet been fulfilled.

insuring the safety of all the fuel pipes by double

double jackets, they might be met satisf,z&orily in

Apart from

tubes snd

two ways.

In the fizst of these use could be made of an explosive fuel

that evaporates easily, such as gasoline or benzol, supplied in

subh a manner that there is no possibility of delivering fuel

to the engine in excess of its instant requirements. For this

purpose the fuel in the tank would have to be condensed to such “

an extent or kept at such a low temperature t~at it resembles

an ointment

it might be

esc~e. Xn

i,lygasify,

in fluidity and will not flow but df a leaky tank or :

absotbed by some special substabce to prevent its

the second way, fuels could be used that do not readk.!

i.e., fuels with high boiling points and flash points.

The carburetor would be so designed or the intake air and fuel

would be brmght to such a condition,in the manifold or in the

cylinder that mixing and ignition would be satisfactory. The im-

portant question of the utilizatiml of fuels of lower inflamma- ,

bility’and consequently of higher boiling point and lower cost

would thus depend on

The preparation

then discussed. The

the engine.

of the fuel mixture in the carburetor was

carburetor functians primarily as an ejedor

pump as shown in Fig. 1. The following equation (1) expresses

its metering relations
/
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Wf and- Wa signify the weight of the fuel and of the air

respectively and should preferably be used as a clearly defined

ratio, usual.ly in airplane engines one giving a slight excess of

air or of fuel; Af and & the cross sectionsllareas of flom;

Df and Da the densities of fuel and air at the mixing point;

and Pf and Pa the pressure drops at the nozzles in millime–

ters of water. The air velooities are only indirectly stated

in this eqyation in ‘thevalue Da which falls

increasing values of r-p.m.

In changing from me fuel to another, the

very slowly with

fuel nozz~e Af

must be so altere& that the new fuel requirement Wf of air

shal1 be proportional to the square zoot of the density ‘f“

The ratio of the two areas would therefore be given by equation

(2)
. .

)
~’” 11

i

Df’
-. ‘A — (2) ~
Af‘ Wf‘ Dfll

when W+\ or W$!l represents the weight of completely burnt

fuel in chemicsZly combining proportions with unit weight of air.

We further see by equation (1) that the mixture ratio

changes with ohange in sltitude of flight as Da diminishes as

the sltitude increases, while Dt remains unchanged in the ease

Wapf liquid fuel. would therefore decrease as F DaG
with in-

creased altitude, and the engine would therefore consume more

and more fuel unless preventive

enoe of temperature is likewise

mixture would be richer in warm

air density.

measures were t*en. The influ-

expressed in Da so that the

weather; that is, with reduced
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It is especially im~ortant that any possibility of separa–

tion of the fuel and air, either in the manifold or cylinder,

should be prevented. ,There are two fundamental ways of doing

this:

1. By the finest possible atomization> whate~er the load

snd engine speed may be. This has been proved by experience to

be accomplished by high ait velocities and low fuel viscosities.*

Atomization with slow engine speed may often be found diffioult.

2. By vaporization of the whole or the main part of the

fuel, so that there is no longer my possibility of its separa-

tion

tion

from the aiy.

There is no object

of the fuel before

to be gained, however, by the vaporiza-

the fuel nozzle except in the case of

liquids having a very low boiling point, such as liquefied illum- “

inating gas, methane, etc. The boiling point of the ordinary

engine fuels is too high at atmospheric pressure. (See Fig. 2.)

Fig. 2 gives distillation curves of pure and mixed fuels from

various sources. At atmospheric pressure the boiling point is ~

far higher thsn atmospheric air temperatures. When light ga~o-

line is used, provisicn must be made for adequate ‘coolingat - “

high a3titudes, a*&$twould otherwise attain boiling point on ac-

cpun% of the low air pressure, thus deranging the formation of

the mixture and causing the engine to stop working.**

For liquid fuel ’thevaporization therefore.best takes place

after leaving the fuel nozzle when it is surrounded by the air

* See Note 1:.
**See Note II.
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for combustion which must also supply the heat for evaporation.*

As about 12 1/2 m.3 (441 ou.ft.) of air combine with 1 kg.

(2.2 lbs.) of gasoline or petroleum, the volume of the gasoline

vapor is only about 1/W, ad that of petroleum-only 1/200 that

of the air, so the parti&l pressure of the fuel vapor is there-

fore Gnly 1./2OOof the atmospheric pressttrej an+ the process of
.. .,

E?Va@C)tiatiatdkes place mare easily than without such low par-

t M.

fore

The quantity of liquid fuel passed through

evaporates extreznel.yrapidly in the air in

its low partial presstire,-

lower than with atmospheric

saturation point of the air

the boiling point being considerably :

pressure - and oontinues until the

is reached. The air is more or less

saturated after the evaporation of the fuel, depending Qn the

boiling points of the fuel, its vapor volume and the temperature

of the air. The mnves in ‘Fig,3 show that with hexane air is

saturated at -18° when there is the quantity of hexane (the prin-

dipal component of gasoline~ necessary for good combustion, so

that when the air is cooled about 30°C by evsporation, air of

about +15°C suffices to bring about complete vaporization.***

The intake air at +15°C is at first entirely free from fuel; it ,

then evaporates rapidly, oooling and increasing the fuel cmtefit

of the air at the sam; time. At -15°C its percentage of satura-

tion amounts to 85 per oent when the entire fuel needed for com-

bustion has evaporated.
* See Note 111.
** See Note V.
*** See Note ~.

,



-7-

Similar values sre gi~en in Fig. 4 md in

benzol, ethylalcohol, decane (a component par%

naphthaline, the approximate boiZing points at

=re are also giwen.

TABLE 1.

Table 1 for hexane,

of petroleum) ad

atmospheric pres-

BoiUng Saturation Drop in temp- T%perature
point . t~eraturez erature due of the air

Fuel , of the fuel to evapora- tor complete
mixdnzre. tion. v~orinat ion

,- higher than
.

Eexane 7c)0G .Tl$c Zm”c “159C
Benzol 800 ~o’” -30°
Ethyl Alcohol 78° -*20 1100 1350
Deosne 160° “ *o ~~o ~ou

- Naphthaline 220~ +9# 40° 135° ,

In the case of alcohol, the cooling of the air is remark-

ably great, ohiefly because of the small amount of air in the

combuatible mixture, and the high latent heat of vaporization

which must be supplied by that small Want ity of air. Only fuel

mixhres with a ternperaturesufficiently higher thaa the satura-

tion temperature can be entixely vaporized in the short time

available and thu6 be insured against any separation of fue3.and

. air. Below the saturation temperature, part of the fuel is s3.-
..

ways in the form of fog or small droplets, and the larger the

drops the greater is the possibility of the separation of the

fuel.
.

If, however, all the walls of the pipe$ and of the combus-

tion chamber be maintained at temperatures above that of satura-
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natural heat

the exhaust,

of the rnaohine,of the heat

the risk of the separation

of the mixture

There are

points, eiiiher

is sensibly diminishxl.*

two methods of using fuels with

or both of which may be applied
.

sirrrultaneously: first, by atomizing the liqyid

high boiling

separately or

as finely as pos-

sible at all loads; and second, by inoreasing the temperature of

the fuel mixrtmreand walls above the saturation temperature of

the fuel-air mixture.

This increase in the temperature of the mixture and walls

is diffi~lt when starting the engine cold as it requires time

to-obtain heat froy some source and transfer it to the mixture.

The most convenient method is to start with fuel of a low boil-

ing point ~d run until the desired temperatures are attained.

There is one great disadvantage tO be considered in the increase

in temperature of the mi$dmre, namely, the great difference in

the heat supplied by the engine at different loads. In the case

of the airplsn.een@ne3 which is almost always fully loaded, this

dfsadva.ntageis fortunately of no great importance.**

The first consequence of the inoreased temperature of tine

mi~ure and walls is a reduction in volumetric efficiency, Ev

and likewise of the me~ effective pressure of the engine, due

to the decreased density of the air. The following equation

gives the mean pressure:

Pm . 42? “ ‘t. H. lZ *** . . . - .(3)
10000

,r

in which Et indicates the thermal efficiency, and H the heat-
* S~~ ~o~ VIII**
*** L e Note X.
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unit volume of the mixture. If the air

so that the mixWre enters the cylinder

be ade-

at its sat-’

uration temperature: sn alcohol mixture would have to be 27° warm-

er than one of gasoline since the saturation temperature of the

former is +22°C while that of the latter is -5*C. This increase

in mitiure-temperature would re~ It in a 10 per centJ10Ss of air

weight at full throttle. A naphthaline-air mixture at 92° wohd

give a greater loss. ~ both cases there is a loss of intake

oxygen, of EV and consequently of power. The higher the satur-

ation temperature of the mixture asftir”gas-oil and heavy tar

oils, the higher the point to which the preliminary h&ating must

be carried.

It would obviously be a good plan to transfer the prooess
.

of mixing to the combustion chamber itself, in order to heat

the walls of the combustion chamber and also the fresh air supply

in the shortest possible time. This would, however, necessitate

the rejeotim, of the simple yet marvelously effective air ejector

as an atomizing and mixing device, ‘&ndits replacement by a @om-

pressed air atomizer or even by the simple spraying of the re-

quired amount of fuel by

fe.otivethe atomization,

for vaporization, and as

means of a wecial. Pumpm The less ef-

the longer will be the time rewired

vaporization must be finished befqre ig-

nition begins$ the unfavorable atomization must be compensate&

for by greatly increasing the temperature of the air.

This is particularly evident in the case of engines ignited

by incandescence, the air into which the fuel is injeoted being



-lc -

heated to z wusually high tempera%ure through the red-hct, or

at least extremely hot, unoooJ.ed’,walls. It is certainly possible

to utilize sU kinds of fuel with a high boiling point in these

engines= but there is a great disadvantage in the unfavLrsble

cylinder sfficiency and in the after-burning of the fuel, which

is too slowly vaporized and poorly mixed. For these reasms, the

solution offered cannot be considered satisfatiory.

!l%ei.ecturerwent on to say that he ha pers~~lY *ested ,

t~ possibility of utilizing fuel with a high boiling-point by

mesm of injection into the combusti~ ohaaiberwith compressed

air atomizers, and that such injection aould be made at any mo- “

ment desired. The results showed the operation of the engine to

be least reliable when injection was completed just before the

&nit ion, although the air in the engine was then at the highest

temperature. The operation was satisfacto~ only when injeotion

took place while air was being taken in, in which case the Pro-

longed period of oarburetion ~d the stronger air ourrents cer-

tainly caused favorable effects. (In the case of two-stroke

engines, injection can take place only tiring the proce,ssof scav-

enging or compression.) The compressed air can be used for atom-

ization or the air oan be supplied at a higher velocity, by

Bellexnand Bregerasf pxooess,*”.tby using a very m.wh reduced

pressure in the combustion chamber during a portion of the intake

stroke. By these methods there are still various possibilities

of rendering fuels with a high boiling Point utilizable without
* See Ehchner’s Notes on the Benzol question; Fig. 39 in the
“Automobile Rundschaum 1913, end Heller’s Petroleum Driving Force
in Automo-Diles,Z. d. V. d. Ing. 1919, p.?78.

—



the great disadvantage

the combustion chamber

91~sw

of a markea

itEvsf.

rise in temperature outsMe

The increase in the temperature of the mixture during the ,’

intake stroke entails another disadvantage besides the redm-

%ion of volumetric efficienoy~ namely, tlnatof very considerably

increasing the average temperature dbring the whole ~cle$ par-

ticularly the temperature during compression. This is a very

great disadvantage as it increases the risk of premature igniticm

in the mixture.

With regard to premature ignitim itself, too little is

known about it at present to enable us.to give a clear and un-

biased ju~ment as to its cause. The results that have been ob-

tained present many facts tending to general enlightenment, snd

the engine itself shows most readily how it is affeoted by fuels

and temperature.

The influenoe of the initial temperature of the mixburs on

the msximum temperatures at the conclusion of compression is

shown-in Fig. 5. If the compression ratio is 1 : 5, the com-

pression temperature smounts to about 300°C, 500°C or even 700°C

with initial temperatures of C)°C,100°C, or 200°C.

the limit of admissible impression temperatures to

the compression ratio must be reduoed in proportion

Supposing

be ~out 400°0,

to the in-

crease in the initial temperature. Experience has Shown, however,

that totAlly different degrees of compression are necessary in

one and the same engine for different fuel mixbures; that the

shape of the combustion chambex, the temperatures of the badly



cooled pax%s, suoh as the piston, the exhaust

spexk plug, and the freedom of the top of the

valves

piston

and the

from carbon

deposit have maxked effeots. In conclusion, we may sw that the

risk of premature ignition decreases a.sthe weight of charge is

reduoed, although the compression ratio whtch determines the tem-

Ferature at ignition end the compositim of the mixture are not

thereby altered.

Tests so @anneal that Xic@d fuel was brought tito contact

with air in an electria furnace* in which the temperature could

eastly be regulated.were carried out at the Augsburg Nuremburg

Maohine Fabrik by Dr. Helm at request of the Umturer. In Fig. 5

the spontaneous ignitim temperatures found by me~s of this some-

what crude method are given. They exkble us to draw compari-

sons and fmm cmclusicms with regard to the action of the fuels

in engines. They confirm experierme which shows that engines ‘

with benzzoland alcohol axe generally far less inclined to pre-

mature ignitia than with gasoline.

They show also that petroleum ad gas-oil, for which the

temperature must be raised when they are utilized in the csxbu-

retoz= possess particdaxly low spenteneous combustion tempera-

tures, so that these are tvm reasons for using a low compression

-..ratio with these fuels.

A~he thermal eff icienoy decreases with reduction of the

compression ratio~ l?etr~~e= e@ gas-oil appear to be most U-

suitable for use with a carburetor, and,tar oil very well suited.

* See Dr. HoJ-mtsarticle in the ~!3eitschriftf, angew. (lhemie~;
bourn~ of Applie& Chemistry,” 1923, P-273.)
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Another difficulty arises through the fact that not only the pzin-

oipa3 fuel, but also the lubricating oil used may turn the sotie

in causing spontsnebus ignition. Hopkinson* made a remarkable

test with an engine using ordinary gas, in which he triedto -

bring about premature ignition with the aid of a red-hot plug,

the temperature of whiohhe measured with therm-elements. It

Was not until the temperattie bf the plug was 600° to 700° that

premature ignition took place. If a drop of lubricating oil fell

on the plug or on the exhaust valve, a temperature of 400° suf-

ficed for spentanemis ignition~ The cliffiau~% west im as to

whs$ part is p~ayed by lubricating oil in spentanebus ignition,
.

reminding one of spentaneous ignition in a%r compressors, hexe -

plainly crops up again.

An essent id. provisi~ for the safe operation of engines

with prepared fuel mi@ures ignited in the engine by mesms of a

special ignition pin is that the compression temperature should

remain fe,r.lower than that of spontaneous ignition mder all con-

ditions. By selectkg suit~ le fue3 and suitable lubricattig

oil, it is certain that several important eo,onomiceladvantages

bight be attained. The first step necessary would be the sys-

tematic investigation of the properties mentioned, namely, the

boiling points, satura%ion and spontaneous ignition temperatures

of fuels considered usablez and the effect of these characteris-

tics on the performance of the fuel in the,engine.

If, as in the case of gas oil and petroleum, the spentan-

* See proceedings of the Ir&ttut ion of Civil Engineers$ 1S’09.



eous ignitim temperature is so low that the engine can probably

not be operated economically on account of the low compression

ratios all that remains is to undertake the mixture of the fuel

snd air immediately before ignition, aJJo@ng the mixdmre to burn

like the fleme of a gas burner in the air, as was done by Oechel-...

hauser in the case of ordinary gas engines. Diesel applied the

process to petroleum and gas-oil. In this way sll risk of ad-

vanced ignition is avoided, and it becomes possible to increase

the degree of compression as desired, and thereby the thermal

efficien~. These combustion engines, as the Ieoturer termed

them, in contradiction to ignition engines fired by means of an

electric sparks were so designeclthat the finely atomized ti-

coming fuel meets with fresh air of a temperature far higher thsn

its spontaneous combustion temperature ad i6, therefore, very

rapidly vaporized and burned. The test data given by Helm in
.

Fig. 5 explains the fact that to insure spontaneous ignition of

tar oil, the fresh air must be hotter thsn is needed for gas oil.

The combustion engine, however, has the peculiarity that it is

impossible for the entire weight of fresh air to be used’in the

combustion in the short time available. It must, therefore, work

with an excess of air, and consequently with lower mean effective

pressure. This is occasioned by poor atomization (in ehgines ig-

nited by incandescence it is usually particularly bad), by the

incomplete utilizatim of the air, and by the increased_ratio of

piston velocity to igniticm velocity.

The Ie@urer then alluded briefly to the importance of the
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ignitioa veloeity, which plays en @ortant part in

high speed engines in particular, and tiich is as yet

insufficientIy understocd. The well-known researches made at

Dresden, by Nagel, Neum~ snd Nusselt, in buraing cold mixtures

in a bomb ~ould be extended to as many diffezent fuels as possi-

ble. Fig. 6 shows the ignition velocities of various fuel mix-

tures, set down in terms of the calorific values Of the fuel cm-

tained in the cubic meter of the mixture, cm the basis of Nagel

snd Neumann’s measurements. The values are, ~~ke Ho~ts me~e-

ments, most instructive as comparative values. The ignition ve-

locity of the hot mixture W the engine itseZf is

l’heso-called limits of the ignition of different

to Eitner) are also given in Fig. 6. They accord

far higher.

fuels (aCbc)rding

fairly well with

the ignition limits obtained in the bomb. The calorific values

of mixkure ratios giving rise to the greatest development of heat
1

in the engine and to the maximum value for the formation of C02

are importmt. This thermal

calories per oubic meter (45

cording to the heating value

value varies from 700 to 900 gram

to 59 B.t.u. per oubic inch), ac-

and the amount of air ie~iredby

the fuel; it is a decisive factor in determining the highest pos-

sible mean effective pressure (see equation 3] and consequently

of the maximum power of an engine with the fuel in ~estion.

As the ratio of air to fuel increases, the ignition velocity
r

first inoreases slowly, then, in the case of some few fuels, as

for instance, ordinary gas, it increases rapidly; in other cases, ,/

especially with gasoline and ‘benzol,it falls sIowly. For the en-
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gine, however, the ignition velooity

after-burning end delaying explosion

must not be too low, lest

take place; nor nmzstit be

too high, lest the rapid combustim give rise to too violent exp-

losions. With increasing piston velocities, it must, or may be

higher. The limits of the ignition velocity utilized in the en-

gine are about 1.5 to 2.5m/sec. (5 to 8 ft. pea sea.) and there-

. foxe at these ignition velocities, the thermal value of the mix-

ture would be highest with.

This also e~lains why the

attained, between 9 and 10

gasoline, and lowest with hydrogen.

highest mean effective pressure ever ‘

kg/cm2, (128 to 143 lbs. per sq.in.)

was to be found in the gasoline engine.

This opens up another profitable field of study - that of

the ignition velocities of gasoline and all other eccmomie%i.ly

utilizable fuels over a wide rsnge of temperatures from those eri-
.

countered at the beginning of compression to the temperatures

at the end of compression. Nusselt believes the effect of initial

temperature is very great.

The Ieoturer finally considered the questiam of weight of

the aviation engine which must always be more important than the

fuel problem.
& ~A

G
(
%lu*&—=

N Pm v~ )
*..,. . . . . . (4]

.

E~ation 4 e~resses the engine weight per horsepower when the

d enghe is consideretLas au integration of mechanio~ energy from

several units$ and as a transmitter of energy from.

combustion chauibersthrough the pistcm, conneming

the several

rod linkages

—
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shaft, and thence to the propeller, on whi6h the forces p

different points. The power N of the engine

upcm (1) the mean value Pm of the forces applied to

and (2) the re~ative v.elo~ity Vm between the mowing

X Pafis of the energy ccm%zit. The

mains constant (apart from losses due

. cross sections of the energy cunduit.

used, and c~sequeritly,,

sentislly determined in

(1) the maxim forces

the meigh% G

every section

depends

the pis$ons

and station-

product Pm . Vm = N re- .

to friction) in all the

The @tructural material u ---‘.

is, on the othsr had, es-

of the energy conduit by

~&, (2) the admitted strain s ~dP

{3) the specific gravity & of the working material. A is a

supplement for the fml conduits, the valve ge~, snd other ac-

cessories.

The principal determinations for the value G/N are the fol-
.

lowing: (1) the absohte length (1) of the energy c=duit; ,

(2) the permissible vaue s of the structural material; (3)

the permissible maximum values for

pm= for tb piston,The value of ~

‘m= foris ecgaalto the &lue of y“
al

valve gear and the cylinder

the entire engin~, snd in the

case of the ~linder ad piston, the ratio of the m-mum pres-

sure P- to the mesm pressure due to inertia of the masses

nmzstbe taken into acccunt. The following deductim may be drWn

from e~ation (4). ShWU% Pm be less than normal, in conse-

. q@nce of a low ~linder &arge or the heating of the intake mix-

) ture to a high temperature, P=% will be lower
P*=

so that the ratio — remains unchanged.P* The

in proportion,

engine with re-
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duce&volumetric efficiency will not of necessity be heavier as

it can be built considerably

alcne is decisive. When the

tient is generally lower, so

cut very wel”lwith regard to

‘ma.xlighter beoause the qpotient ~
m

cornpresstonratio is 10W$ this quo- “

that air-cooled roiai~ engines turn

their H.P. load, .inspite of their

unfavorable volumetri~ efficiency and their low compression ratio.

(This is certairilyalso due to the short length of the energy .

conduit 1~111and to the lightness of the accessories A.) This ~
?

relation shows that aviation engines can be perfectly well built

with low weights per H.P. when using prepsxed fuel rnbztures,in

spite of the fact that they take in hot air or have extrenely

hot walls in order to obtain adequate vaporizatim, Or they work

with low pressure~ during the sucticm stroke in order to obtain

adeqpate atomization.
.

The oom%ustion type of engine therefore should not be dhosen

for aviation, or light automobile engine designed for the use of

fuels of high boiling point. The latter will always be more dif-

fioult to construct on account of its high value of %= (with-

out taking the heavy accessories into consideration). The avia-

tion engine ~oul.d rather be seleoted from the Q@tion engine

olass with the best possible atomization and comparatively low

compression ratio. With this end in view, a systematic tivesti-

ga.tionshould be made of all the important characteristics of

fuels, so that the hea~-oil aviation igni%icn engine may attain.

the unusual record values which now
*

oil Qni%i~ engines fmm all other

distinguish the best light-

combustion engines, namely:



Gasoline “consunption .

Mean useful pressure .

-19- . . ..

.0.

a. . . . . 180 to 190 grams, 0.40-0.42
lbs. per H.P. hr.

. . . . . . . 9 TO 1~ kg/c@, 128 to
lbfi.pet sq.in.

Load per H.P. . . . ● . . . . . . . Only 0.8tol.5 kg., 1.8
3.3 lbs. per E.P.
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Ili #*m

WTE 1.‘

The surfaoe tension of the fuel is probably of moh greater
hportanoe than LtisvisoQsi@ in

NOTE

This is riottne shculd the

Sffeat @g atcmtzaticm~

11

temperature of the gasoline de-
crease as the air temperature decrea-seswith.increasing altitude.
It is prob~ly true, should the temperature of the gasoline in
tanks and fuel lines remain the same in flight as on the ground.

NOTE 111.

This assumes no heating of the carburetor or manifold.

Nom Iv’.

Cooling of the entire weight of air necessary for one pound
of hexane 30°C would supply about 193 B.t.u=; whereas, only about
143 B.t.u. are required.

.

NOTE V,

It is very doubtful that he-e is the principal compon5nt
of any of the present commercial
tion gasolines.

NOTE

If the values given aze for
ratio of 15.2 to 1. the manifold

g=dines, exoept possibly, avia--

VI.

the ohemical combining mixtu~e
Pressure assumed is 731 mm. r’ “ “

mercury. Should tke manifold pre&ure be assumed as?60 mm. of
meroury, the mitiure ratio will be 15.7 to 1.

NoTE VII.

The
given in
beloti:

mi~uze ratios for the saturation values of the fueir
Figure 4, as computed from published data, sre as gi~

.

‘*

-—



Na,phthalineC~OH=

Hexane C=H14

-21-

I@ture Ratio

12.5

12.9*

15.7

15*O*

8.8

9*O*

15.0

13.2*

1<,7

15.2*

Manifold Pressure
mm. of Uerounl

7W

785

?W

738

760

?74

?60“

669

?60

?30

* Chemical combining ratios.

*
NOTE I?H3

, Were all tempera%uies menti~ned higher than the saturation
temperature of th~
tion or separation

fuel at the pressures etisting, ~ condensa-
ootid ta2ceplace.

XOTE IX.

This is not altogether true, as the engine may be idled at
tirneswhich precede demands fo.creliable engine operation, such
as when coming out of a long dive and rising fran the ground
after an unsuccessfu~ attempt to land.

l’@en H is in kilogrsm ~alories per cubic meter an~27Pm in
kilogpms per cm2 the constant of proportionality is

● 10,000
when ‘H iS in B.t.us per oubio inch and P in pounds per s~are
inch %h? constant of proportionality is, 7% x 12.

. . ●✎✚☛
✍✍✍✍✍ L. L*.. -2 ?

.
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